We show that the source region for Saturnian kilometric radiation (SKR) which originates in the high latitude near-noon dayside ionospheric can be mapped via the Saturn magnetic field to the outer edge of the dayside equatorial plasmasheet. The plasmasheet is known to be unstable at this boundary due to the outward centrifugal forces generated by the heavily mass-loaded equatorial Saturnian magnetosphere. Also previous work has shown that Voyager 1 observations of MHD waves near the plasmasheet are consistent with their being driven by the centrifugal flute instability. The resulting field-aligned MHD waves at higher latitudes can trap and accelerate electrons. For the plasma environment measured by Voyager, field-aligned accelerated electrons up to energies of several keV are expected to be deposited into the SKR ionospheric source region. A necessary condition for the acceleration of the electrons to several keV is a population of hot electrons inside of the plasmasheet, near the unstable boundary. The hot electrons are produced as a byproduct of the pick-up of exospheric atoms from Saturn's moons. The solar wind dependence of the SKR is thus a consequence of the elongation of the Saturn nightside magnetosphere with greater solar wind pressure leading to greater centrifugal pressures on the nightside plasmasheet. Although the theory presented correctly gives the local time dependence of the emissions, we suggest that the strong emission peak at a fixed Saturnian longitude is a consequence of locally reduced electron plasma frequency to electron gyrofrequency ratio. The lack of a nightside source of SKR is consistent with the disruption of the plasmasheet due to loss of plasma down the Saturn magnetotail.
INTRODUCTION
The analysis of plasma measurements by Voyager 1 in the dayside near-equatorial plasmasheet by Sittler et al. [1983] have shown that beyond the innermost boundary of the outer part of the plasmasheet R • 16 R s there exist a number of detached plasma regions. These dense flux tubes have the plasma density and temperature characteristics of the plasmasheet and are separated by regions that are more rarefied and considerably hotter.
The Saturn magnetosphere is obviously internally massloaded, although the source of this plasma remains controversial and will probably require a comparative analysis of outer planet magnetospheres to resolve [Chen•l and Hill, 1984] , and since the system is a rapid rotator with a period of little over 10 hours, centrifugal effects may be expected to be important in the outer parts of the magneotsphere. Specifically, by analogy with Jupiter, the nightside plasmasheet is very likely to be unstable to processes that led to plasma loss down the tail [Hill and Dessler, 1976; Goertz, 1976] . The sharp edge at the stability boundary created by this loss will steepen as it is rotated toward the dayside noon meridian. The steepening will be both a consequence of the compression of dayside field lines as well as additional mass-loading due to photoionization throughout the magnetosphere and electron impact ionization, beyond 5 Rs, of neutrals emitted by the magnetosphere's inner sources which may include the Saturn ionosphere, the rings, the icy satellites, and perhaps part of the Titan torus. The steep dayside density gradient at the outer boundary of the plasmasheet coupled with the centrifugal force experienced at that location has been shown to be unstable by . By using theory developed by Mikhailovski [1976] for plasmas in a gravitational field and by noting that the centrifugal force gives rise to an effective gravity, Goertz has shown the outer plasmasheet boundary to be unstable to an interchange instability known as the centrifugal ) from an analysis of low-frequency oscillations in the magnetic field observed on the inbound encounter trajectory of Voyager 1. The MHD waves are found to be primarily azimuthal in propagation direction near the equator in the plasmasheet. In contrast, at higher latitudes the waves are primarily field-aligned iri propagation direction. As would be expected for these waves being driven by the centrifugal flute instability, the wave amplitudes are greatest near the dayside equatorial plasmasheet outer boundary. The field-aligned MHD waves may be mapped into the high latitude ionosphere using the Saturnian magnetic field Z3 model of Connerney et al. [1983 Connerney et al. [ , 1984a . This model has shown itself to possess a high .degree of accuracy and has even proved useful in diagnosing systematic instrumental errors on other spacecraft that have encountered the Saturn system [Connerney et al. 1984a, b] . Using the Z3 model, along field lines to the planetary surface, we can map the noon meridian outer edge of the plasmasheet to approximately 76øN latitude, very near the most probable SKR source location as deduced from Voyager observations by Kaiser and Desch [-1984 ]. The ionospheric source location deduced by Kaiser and Desch [1982] is thus consistent with a free energy source located on closed field lines which contain the outer plasmasheet boundary. The overall mapping of the high latitude radio emission source region to the equatorial plasmasheet boundary is shown in Figure 1 This strong emission peak exists in the absence of any apparent magnetic anomaly in the near surface field [Connerney et al., 1984] . There have also been detailed studies performed indicating that the solar wind exerts a strong control over the generation of SKR [Desch, 1982 [Desch, , 1983 .
Another magnetosphere with even stronger internal plasma sources is that of Jupiter. Jovian kilometric radiation has two components: narrow bandwidth kilometer wavelength emission (nKOM) and broad bandwidth kilometer wavelength emission (bKOM) [Kaiser and Desch, 1984] . Both have spectral peaks at the same wavelengths, but have different source locations. The nKOM radiation appear to originate in the outer edge of the Io plasma torus near the magnetic equatorial plane. In contrast bKOM originates either within the Io torus or at low altitudes in the auroral zone at L = 6. In addition, there is a decameter wavelength emission (DAM) which is Io-associated and appears to come from the magnetic flux tube linking Io and the Jovian ionosphere at L = 6 [Kaiser and Desch, 1984] . Two immediate differences with respect to the Saturn magnetosphere are the much stronger plasma source from Io compared to any in the Saturn system and the much stronger magnetic field at Jupiter which is about 20 times that of Saturn at the equatorial 1 bar level. With the higher Jovian magnetic field, shorter wavelength radiation such as DAM is expected given the abundance of free energy sources [Goldstein and Goertz, 1983; Hill et al., 1983] . For comparison with Saturn our interest is primarily in the kilometer wavelength range, however. Since the centrifugal flute instability is believed to the operative at the Io torus outer edge [Hill, 1976] , it is tempting to compare nKOM generation with SKR generation. The confinement of the emission to the magnetic equatorial region at Jupiter as opposed to the auroral zone at Saturn may possibly be related to the much high densities in the Io torus at L -6 compared to the Saturn magnetosphere at L -16. The bKOM radiation appears to be related to the Io-Jovian ionosphere interaction at L-6 and would most likely involve a different mechanism than the centrifugal flute instability generating surface MHD waves. Since the locations of the Jovian kilometric sources are still not firmly established it is difficult to speculate further concerning the emission generation mechanisms. Finally, there is the very different morphology between SKR and similar kilometric radiation from earth, the so-called auroral kilometric radiation (AKR). Whereas SKR is characterized by a high latitude near-noon source location [Kaiser and Desch, 1982] , in contrast AKR is characterized by a high latitude near midnight generation region [Gurnett, 1974] . In addition to this very different local time behavior the structure of the plasmasheets of both planets' magnetospheres are apparently quite different: Saturn's having a strong internal plasma source, whereas earth's is much weaker [Sittler et al., 1983] .
In the next section, we will show how the MHD waves observed at the outer boundary of the plasmasheet may be causally related to the field-aligned acceleration of electrons to keV energies. The field-aligned electron fluxes will constitute the free energy source for the observed SKR.
THEORY
The free energy sources for driving Saturn's nonthermal radio emissions are the centrifugal flute instability-driven MHD waves, and also the hot electrons which populate the region in the vicinity of the plasmasheet's outer boundary. In this section we will show that the MHD wave and trapped hot electron free energies can be converted into keV field-aligned electron fluxes that in turn provide the free energy to drive the The observed solar wind dependence of SKR [Desch, 1982 [Desch, , 1983 ] results, in the theoretical framework developed here, from a change in configuration of Saturn's magnetosphere in response to solar wind bulk pressure variations. In the limit of low solar wind pressure, such as occurs when Saturn is immersed in Jupiter's magnetic tail [Desch, 1983 ] the configuration of Saturn's magnetosphere should be dipole like out to distances much greater than L • 16 on both the dayside and nightside. In contrast, during Voyager l's encounter with Saturn, when Saturn was in the solar wind, the dayside field lines at L = 16 were located at 16 Rs on the dayside but were estimated to be at •30 Rs on the nightside . The greater distances to which the nightside plasmasheet extends is believed to give rise to a tailward wind of the plasma and loss of the nightside plasmasheet beyond L • 16 [Hill and Dessler, 1976; Goertz, 1976] . The nightside tailward plasmasheet loss, as discussed earlier, gives rise to the steep density gradient at the outer plasmasheet edge which is required for the centrifugal flute instability on the dayside. The centrifugal stresses on the nightside plasmasheet will increase with the increasing distance to which the plasma travels due to elongation of the nightside field lines owing to the solar windmagnetosphere interaction. We note that Sittler et al. [1983] observed the plasmasheet out to L-• 25 on Voyager 2 outbound when Saturn may have been in Jupiter's magnetotail. In contrast, the plasmasheet terminated at L = 11 for Voyager 1 outbound when Saturn was in the solar wind. Since the solar wind pressure will determine the nightside field elongation which, in turn, will control the gradient formation process that drives the centrifugal flute instability, solar wind control of SKR is expected. We note that in the limiting case of total cutoff of the solar wind the azimuthal symmetry of the magnetosphere and lack of tail loss should yield density gradients that are below the threshold required for the centrifugal flute instability . Solar wind control in the scenario presented here is not the direct consequence of solar wind energy input, but rather the indirect result of reshaping the free energy source driven by the mass loading and associated exoSpheric ion pick-up processes in the rapidly rotating Saturn magnetosphere.
We note that the expected loss of plasma down the Saturn magnetotail Although the wave observations of R. P. Lepping et al. (unpublished manuscript, 1986 ) support the mechanism that we have proposed, the data from the Voyager encounters with Saturn do not allow us to uniquely determine that the proposed mechanism is the only one operative. Another potential mechanism involves an extension of a process that was originally put forward by Cornwall et al. [1971] to explain the observations of stable auroral red arcs (SAR arcs) at the earth. In the picture presented by Cornwall et al., the outward expansion of the plasmasphere during the recovery phase of geomagnetic substorms into the ring current gives a density ratio of cold plasmaspheric plasma to energetic ring current ions favorably to the generation of ion cyclotron turbulence. A large fraction of the turbulence energy is then transferred into electron heating via electron Landau damping. The resulting external flux would be directed into the ionosphere via fieldaligned electron fluxes. In the case of Saturn, the ring current lies well within the outer edge of the plasmasheet and hence would not be involved in a process analogous to that at earth. However, within the framework of the centrifugal flute instability discussed here, we expect the mixing of hot outer magnetosphere plasma with that of the colder plasmasheet to resemble that of the ring current-plasmasphere mixing discussed by Cornwall et al. [1971] and the study of artificial cool plasma injected into the ring current [Cornwall, 1972] . The situation may be then favorable to additional field-aligned heating of pick-up electrons and could power the observed nonthermal radio emissions at Saturn. Further data is required to see whether the pitch and angle anisotropy of the hot ions or the current density of any field-aligned currents associated with the centrifugal flute instability is sufficient to drive the ion cyclotron instability. We emphasize, however, that in both the acceleration of electrons by kinetic Alfven waves as well as the heating of electrons by ion cyclotron turbulence, the centrifugal flute instability plays a necessary role in the formation of the free energy source or sources which drives the SKR.
SUMMARY AND CONCLUSIONS
We have shown that as a result of centrifugal force due to Saturn's rotating magnetosphere and satellite-derived mass loading, MHD waves are produced as the result of the centrifugal flute instability ; R. P. Lepping et al., unpublished manuscript, 1986] which can accelerate field-aligned electrons to energies of several keV. The means of converting the field-aligned MHD wave free energy to field-aligned electron energy involves the wave-mode conversion mechanism originally due to Hasegawa [1976] . The conversion of the MHD waves to kinetic Alfven waves allows in turn a coupling of energy from the macro or MHD scale to the micro or kinetic scale. Given that the plasmasheet boundary density gradient is expected to be steepest due to photoionization of exospheric neutrals near the noon meridian, SKR will be strongest there.
The field-aligned electron fluxes can then generate kilometric radiation in the right-hand extraordinary mode as predicted by Wu and Lee [1979] provided that the electron plasma frequency to electron gyrofrequency ratio is sufficiently small.
The mass loading of Saturn's magnetosphere that leads to the centrifugal flute instability and hence to SKR also provides the mechanism for depleting the free energy source for nighttime emissions from Saturn similar to AKR observed at earth. The free energy source for the nighttime radiation is lost down the tail of Saturn's magnetosphere due to centrifugal effects [Hill and Desder, 1976; Goertz, 1976 ].
Finally, solar wind control of the SKR is an indirect consequence of configurational changes in the Saturnian magnetosphere induced by solar wind pressure variations.
